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ABSTRACT

This report describes a significant phenomenon
affecting the propagation of underwater sound at
ranges less than 1000 yards: the image interference
or Lloyd-mirror effect. Previous models for the
effect do not adequately take into account the
effects of frequency averaging and spatial averaging
due to sea surface roughness and finite source size.
These refinements on the basic theory are developed
here. Also a clarification of the meaning of the
surface reflection coefficient is given for the case
of omnidirectional sources and receivers -- the
situation that prevails in ship radiated-noise
trials.I
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INTRODUCTION 3
The reflection and scattering of underwater sound from the ocean surface

is a phenomenon that has been studied extensively since the time of Rayleigh

(1). In fact, the approach taken by Rayleigh has been followed by many invest- 3
igators up to the present time. Most of the theoretical literature deals with

the Rayleigh problem: a plane wave insonifying a small area on the sea surface.

Reports on experiments often deal with an approximation to this; that is, a

narrow-beam transmitter and receiver aimed at a small area on the sea surface

or some model of the surface.

The situation of interest in ship acoustical trials is best represented by

an omnidirectional source and receiver under a moderately rough sea surface.

The received signal is time-averaged for a duration that is long compared with

the sea surface fluctuations. This is a limiting case that is not directly

reported in the literature; however it is relatively easy to devise an

adequate expression to account for this case. Only the time-averaged rms

pressure is needed; there is no need for consideration of coherent and 3
incoherent scattering, or the statistics of the time-varying surface.

This report proposes simple equations for the time-average rs received i

pressure from an omnidirectional source in the vicinity of the sea surface.

SURFACE

4,I

Figure 1 - Geometry of the image interference effect I
2I ~I
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I At low frequencies where absorption is not significant, and neglecting

refraction effects, the mean-square pressure at a receiver in the vicinity of

a flat pressure-release surface can be written

3ro r 1  2 r 1

1P rr2 r2

where r1 and r2 are ray distances as shown in Figure 1; f0 is the signal fre-
r2-r 1

quency; T - 2 1 M the time difference in arrivals via r1 and r2 ; P is the

surface reflection loss coefficient (can vary from 0 to 1). (In the general

3 case where the sound speed c is not a constant, refraction will be present, so

r 1 and r2 will not be straight lines.) For the sake of simplicity, let the

reference pressure PO " 1 and r0 - 1.

U ~AVERAGE OVER A Ffl1QUENC! UBN1

3 It can be shown (Appendix A) that, for a band of frequencies of bandwidth

B and arithmetic center frequency f 0 , the mean-square received pressure may be

written as

p ro r 1 r 1  2 zr 1  sin____

-2 1+ 2i -- cos ff (2)
r L r 2  r 2  ANT01

where the factor si rTmay be interpreted as a dimensionless cross-correlation

coefficient (with time delay T), between the sound pressures from the direct and

I surface-reflected paths. This equation only can apply when the sea surface is

smooth enough so that the ocean wave height is small compared to acoustic wave-

length, or when the surface scattering is small. If this is not the case, a more

I
3
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general expression must be obtained that takes account of the sea roughness 3
as well as bandwidth. I

EFFECT OF ROUGH SEA SURFACE

The following five points constitute a heuristic argument ' arrive at a more

general theory for the omnidirectional transmission .oss as a function of both i
bandwidth and sea surface roughness (wave height). i

1. Most of the discussions of surface loss (2) in the literature apply

to narrow-beam sources and/or receivers. Actually the value of P referred to

in this case is a partitioning factor indicating the relative amount of sound

energy that is scattered out of the specular direction, that is, the ratio I
of specularly-reflected pressure to the total incident pressure. The justif- I
ication for this interpretation of P is that there is very little actual energy

loss due to reflection of sound from the sea surface. The available mechanisms 3
for such real dissipative surface loss are, in general:

a) Transmission through the surface: causes a very small reflection loss I
of .005 dB

b) Absorption by bubbles: also estimated at about .005 dB below 10 kHz 3
c) Absorption by organisms: varies, but generally very small.

At high frequencies, (say 50 kHz) the loss due to bubbles may become significant

at low grazing angles where the sound travels through an extensive thickness of 3
bubbles. Therefore, with this exclusion, we can let (- I and remove it from

equations 1 and 2. 3
2. Since ship noise measurements are almost always time-averaged measuremnts,

it is not necessary to treat coherent and incoherent reflected sound separately, I
as is often done in the literature (2). Equation (2) is expressed n a con- 3
venient form such that there can be one correlation factor, g, which will comn-

4
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pletely describe the effect of the surface on reflected sound, for any degree of

surface roughness.

3. Equation (2) describes a form of the image-interference effect as a

3 function of bandwidth B which has the following properties:

a) For B-0, equation (2) reduces to equation 1, which is the case of image

interference from a flat surface.

b) For B*2f0, equation (2) reduces to the limiting case of wideband noise:

p2 Po [o 22 (3)

r 1 L 2 r 1 r

I
which is purely a function of geometry. This function is shown in Figure 2.

I The ordinate in this figure is plotted in terms of the increase in pressure

3 level ( in dB) due to the presence of the surface path. The 0-dB line

represents the free-field transmission loss 20 log r1 . The abscissa is

3 plotted in terms of the dimensionless geometry parameter I (The levels

given are strictly applicable only to the case of isovelocity water.) Notice

I however, that the maximum contribution from the surface path is only 3 dB. This

indicates why exact theoretical derivations (such as by integrating the results

for narrow-beam theory) are unnecessary and a simple definition of correlation

3 is sufficient. Measurement precision and omnidirectionality of real transducers

rarely are better than 1 dB.

3 4. The dimensionless surface roughness parameter commonly applied is the

3 Rayleigh parameter

a 2rfoa
R-kasin - 2w- sin - sin a

U where a is the rms wave height, L is the grazing angle of the specular ray, and

I5
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Figure 2. Increase in mean level of wideband noise signals due to
surface reflected sound as a function of geometry (square-law
detector assumed).
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0 is the wavelength of sound of frequency f In the case of scattering from

a narrow beam of sound, a has a unique value. This is the case usually treated

I in the literature. However, in the case of an omnidirectional source, sound is

can
scattered at all angles from a rough surface. Nevertheless, we/retain the specu-

lar-reflectioalue for a in the latter case. The justification for this is that

3 cx is always the angle from which most of the sound will be reflected on a time-

average basis, and angles within, say, 10 percent of a will usually cover a

I large portion of the scattered sound pressure (3). Therefore the Rayleigh par-

3 ameter will be retained with the above extension of its definition implied in the

case of an omnidirectional source.

If the sea surface is flat, equation (2) applies, for any band of frequencies

centered at f But if we assume a very rough surface, such that R > 10, it is

I clear that the reflected ray will be uncorrelated with respect to the direct

ray, regardless of the value of B. In other words, even with B-0, equation (3)

will apply when R is large.

5. Both B and R affect the correlation factor. It seems likely that they

both affect it to the same degree, because both are dimensionless ratios of

I lengths, the limiting values are the same, and they are both conservative: they

only affect the received phase; there is no amplitude loss. From the above con-

siderations we infer a combined expression for the correlation factor of the

3 form :

sin (WBT + R)(4)Ug " BT + (4)

U It is clear that the effects of B and R are additive, because when one term is

3 small and the other large, the largeone dominates. It also seems reasonable that

both B and R have equal weight in determining the correlation factor, g.

I7
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Therefore a general expression for the received mean square sound 3
pressure from an omnidirectional point source and receiver under a rough sea

surface may be written I
p r2  r~ 2r1  sin (T1BT+R)co T(5
'o0 + ] o 2r 5r1  L r2  r 2 IBT+R 0

I
AVERAGE OVER A FINITE-SIZE SOURCE

Equation (5) may be extended further to include the effect of spatial aver-

aging in a.vertical dimension caused by a source of finite size. This situation 3
occurs, for instance, in the case of a cavitating propeller on a surface ship,

where the collapsing cavitation bubble is extended in depth and radiates sound acrossl

this extended region. 3
In this case the depth-averaging term has a form that is identical to the

Rayleigh parameter, except that the rms wave height a is replaced by the rms 3
vertical source width d:

Z - 2 X 4 sin U - 2c f 0 sin UI I

This is the correlation factor for spatial averaging in the vertical

dimension. Clearly this factor is additive with the other factors.

Therefore, the resultant image interference equation is obtained by adding all

three factors:

sin (fIBT + R + Z) 3Ir" BT + R + Z

so that the resulting image interference equation becomes U
8
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Por 2 2 2r1 sin BT+R+Z)

r 2r 2  r 7BT+R+Z c

This model of the image interference anomaly has been implemented in a

BASIC-language program for the Hewlett-Packard 9845 computer. A listing is

included in Appendix B. The program uses conventional 1/3-octave frequency

bands and can accept up to 4 receiver depths in a vertical array, with two

comonly-used methods of averaging the data from different receivers.I
I
I
I
I
I
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I
Appendix A. Derivation of Image Interference Term

for a Band of Frequencies

I Equation (1) applies only to the case of a single frequency f0 whereas it

is more usual to measure noise in a band of frequencies B - f2 - f 1" In this

case the third term in equation (1) must be averaged over frequency:I
1 

f 2
I- 2-i-TBT cos 27rfT df.

fl

f~ +f
Defining fo 2 ' 1 IfT and 82 -Wf 2 T, we obtain

'2rBT [ sin 2ifff 2T sin 2fT]

- 1  sin 21rf2 T - sin 2wf T

I - 2( T2_l) - sin 29 2 - sin 281

2 1 I S i

I~ si 29 2 si 228110 282 1sin

[sine~ cos - sn cose 1 j

e ~ 1 lV(COS 2 6 + sin 2 e) ine2 co.6 - (sin 28 2 + Cs2 62) sine1 cosel]

in 1....1.sin e2Cos 2 elCose 2 -sn 2 62 cos elsin el- cos~ 2 %sin6 1 cos e2 '

I .ose 2  sin2 elsin62 ]

sin e2 B 1s el cos 2 sin e Cos 1

62.e1 jcos 61 Cos e2- sn 1 sin 621U 11
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sin (02-01) o + e2)

ain IrBT cos 2rf T.
irBT 0

I
I
I
I
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I
I
I
I
I
I
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I
I
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18 I LLOYDD LLOYD-MIRROR INTERFERENCE FOR 1/3-OCTAVE MEASUREMENTS
28 1 PAUL ARVESON REVISED JUNE 2, 1983
38 1 DATA STORAGE VERSION OF LLOYDP
48 ! BASED ON FORTRAN PROGRAMS DICENT (CCPAP), PSM (CCPRM), AND OTHER WORK
58 1 This program generates anomaly in propagation loss due to surface

I 61 1 image interference as well as anomalies due to hydrophone direction-
78 . ality, absorption loss, and detector type. Options are available
so I to account for averaging due to a vertical source width
98 I and hydrophone averaging method (average of dD levels or average of
188 powers before dD conversion).
118 i The program does not account for sometimes significant effects
128 1 due to averaging over range during sample time# refractive anomalies,

I 138 1 or bottom reflections.
148 OPTION BASE 1
158 PRINTER IS 16
168 GCLEAR

I 178 PRINT PAGE
180 DIM D2(18),Freq(41),P(1S),Rsum(41),Dbsum(41),Db(18,41)
198 DIM Fre(41),A(19,41),Rkyds(21),X(41),Y(41),PS(6),CSCS88
288 SHORT Xsum(34)
218 DATR .0853,.0868,.08S5,.184p.13,.164,.215,.293,.4159.684,.9,1.36,2.87
228 DATA 3.14,4.73,7,18.1,14.1,18.8,23.9929
238 MAT READ Akyds

I 248 RESTORE 218
258 Fmaxm34 I UPPER FREQUENCY IS 28,88 Hz
268 Nsusl$-':
278 Detml
288 PRINT "PROPAGATION ANOMALY DATAN
298 DEEP
388 INPUT "SGUARE LAW DETECTORS ARE ASSUMED; IF LINEAR ENTER 1",L$U 318 IF L$n"l* THEN DetwPI/4
328 DEEP
338 INPUT "ENTER LENGTH OF HYDROPHONE ELEMENT IN IHCHES-,Hyl
348 HydnHyl/12

I 358 BEEP

368 INPUT "ENTER OCERN WAVE HEIGHT IN FEETqWh
378 DEEP
0388 INPUT OENTER MEAN SOURCE DEPTH IN FEETNOD1

398 DEEP
488 INPUT OENTER SOURCE VERTICAL WIDTH IN FEETODx
418 IF D1>=Dx THEN GOTO 468

I 420 DEEP
430 DISP OERROR -- SOURCE NOT FULLY SUBMERGED"
448 WAIT 1588
458 GOTO 378
460 DEEP

" 478 INPUT *ENTER HORIZONTAL RANGE IN YARDS4,Cpay
498 DEEP
498 INPUT "NON MANY HYDROPHONES ARE AVAILABLE?,pNhyd
5i8 IF Nhyd(>S THEN GOTO 558
518 DEEP
528 DISP NBRD INPUT, TRY AGAIN"U 538 GOTO 48
546 MAT 12.(S)
558 FOR 1=1 TO Nhyd
568 DEEP
578 INPUT OENTER DEPTH OF HYDROPHONE IN FEET-9D2(l)
588 NEXT I
598 1 START OF COMPUTATIONS ..........

I 66 Cpa=3eCpay
618 CpaqsCpa-2
620 C=5999 I Sound speed in feet per second
630 Ruglel
648 Avg2eSU 50 lIP "NAIT A MINUTE -- I'M THINKING'
"8 FOR lot TO Whyd 1. 13 HYDROPHONE DEPTH LOOP



m 678 Sum=111+D2(I)
6SS DiffeDl-12C1)
698 Rsq=Cpaq+Di ff-2
760 RrsqaCpaq+SumA2
716 R-SQR(Rsq) I Source to hyd. distanceU
728 Rr=SQRCRrsq) I Image to hyd. distance
738 PCI)SQRCDl*D2C1))d'R I Geometry parameter for surface reflections
748 ThetatuP.I'2
758 Theta2nPI/2I
769 RAD
778 IF Cpa>6 THEN Theta1mRTN(Diff/Cpa) I Angle source to hyd.
786 IF Cpa>O THEN Theta2mRTN(SumCPa) I Angle image to hyd.
796 Angl*(I)maDS(Theta1*1SS'PI)
888 MUR/Rr
818 TmCRP-R)eC
826 FOR FatTO Fax I- -------------- FREQUENCY LOOP -U
6 Freqmls*ISA(. 14(F-1))
846 Fr*(F)=DROUND(Freqq3)
058 E1wE2n1 I Absorption loss negligible below 1 KHz.
868 Lambda-C/Froq
878 IF F(21 THEN GOTO 918
s88 Alpha-akyds(F-29)/68888 I Divide by 3888*28 to give exp. loss per foot
99 Elu1O^C-Alpha*R) I Absorption loss factor for Rt
se8 E2=1SAC-RlphaeRr) I Absorption loss factor for Rr
918 DirI-FNDirect(Thet&1,LambdaHyd)
928 Iir2-FNDirect(Theta2gLabdaHyd)
938 C10*11airl
948 C2=E2*Iir2
958 Sin&-Sum/R I Sine of angle from imago to hyd.
968 Ne.2316*Fraq I Bandwidth in hertzI
978 ZI=PIeBeT I Bandwidth Integral
988 Z2=2*PI*Dx*Sina/Lambdal Integral over source width CHEW VERSION)
998 Z3-2*PI*Nh*Sina/LaubdaI Integral due to surface roughness (Rayleigh)
1868 XuZl+Z2+Z3I
1818 CorroSIN(X)/X
1828 AC I *F)uClA2,CM.C2)-2-2*UeCl*C2*Corr*COSC2*PIeFreq*T) I Lloyd mirror eqn.
1838 Db(IF)n19*LGT(A(IF)*D*t)
1846 NEXT F
1658 Avg.avg1*Rnglo<Z)
1868 Avg2w~vg2+Angl*(CI)
1078 NEXT II
1888 Avgl=AvglA(1/Nhyd) I Average angle computed as harmonic mean
1898 Avg2s~vg2/Nhyd I Average angle computed as ordinary mean
1188 FOR F-I TO Fmax I Compute hydrophone data averages two ways
1110 Asum(F)=6
1126 Dbsum(F)a6
1138 FOR l.1 TO Nhyd
1148 AsumCF)=AsumCF)+A(IvF)*Det
1158 Dbsum(F)nlbsue(F)*Db(I#F)
1166 NEXT I
1178 AsumCF)w18*LGT(Asu(F)-'Nhyd) I Asum a AVERAGE OF POWER VALUES IN DD
1188 DbsumCF)albs(F)/Nhyd I Bbsum a AVERAGE OF DS VALUESI
1196 NEXT F
1266 DISP
1216 PlotdonesS

12"8 Store: I STORE ASUM VALUES ON DISK WITH SUPPORT DATA

1246 Yesnon*
1258 INPUT OSTORE COMPUTED VALUES ON DISK? (CONTeNOO I=YES)*qYesno
1266 IF Yesnow6 THEN GOTO Print
1276 DEEP
128 EDIT %ENTER MASS STORAGE UNIT SP5CIFIER"#Msus1*
12" 00SS STORAGE 1S Msusl*
13. DENPTETRI
1010INPTSNZ NEW FILE NAM109Names
1Sue 6$SO S I CREATE SUPPORT DATA STRING

14



1338 FIXED 1
1348 HI$SVAL$(Hyl)
1358 Wh$-VRL$(Wh)
1366 SdStVRL*(Dl)
1378 Sw$-VRLS(Dx)
1389 HrSmVAL$(Cpay)
1390 HdlS-VRL$(D2(1))
1400 Hd2$-VAL$(D2(2))
1418 Nd3*-VAL$(D2(3))
1428 Hd4$VAL$(D2(4))U 1438 C$nName$&S$&HL"&HIl$&S$&"WH="&Wh$&S$SD="Sd$&SS"SWm"&Su$&S$&HRu*&Hr$
1448 CSCS&SS.&"HD-"&HdI$&S$&Hd2$&S$&Hd3$LSS&Hd4$
1458 PRINT C$
1468 FOR Kal TO 34
1478 XsumCK)-sum(K)
1488 NEXT K
1490 CREATE Name$,l
1588 ASSIGN 01 TO Name$
1518 MAT PRINT *1;Xsua
1528 PRINT #i;C$
1538 ASSIGN 01 TO
1548 PRINT "LLOYD-MIRROR DATA STORED IN FILE ";Nase$
1558 Print: I -------- PRINT OUTPUT- - ------------
1568 DEEP
1578 Hc-S
1588 INPUT "PRINTED DATA FOLLOWS; WANT HRRDCOPY? (IYES)",Hc
1598 IF Hc-I THEN PRINTER IS 8
1688 PRINT "PROPAGATION ANOMALY VERSUS HYDROPHONE DEPTH AND FREQUENCYN
1618 PRINT
1628 PRINT "FROM FILE ";Names
1636 PRINT
1648 IF L$<>41" THEN PRINT "SQUARE LAW DETECTORS ASSUMED"
1658 IF LS*"l" THEN PRINT "LINEAR DETECTORS ASSUMED"
1668 PRINT "VERTICAL LENGTH OF HYDROPHONE ELEMENT u ";Hyl;" INCHES"
1678 PRINT "OCEAN WAVE HEIGHT - ";Mh;" FEET"
1688 PRINT "MEAN SOURCE DEPTH - ";D1;" FEET"
1698 PRINT "SOURCE VERTICAL WIDTH a ";Dx;" FEET"
1786 PRINT "HORIZONTAL RANGE * ";Cpay;" YARDS"
1718 PRINT LIN(M)E 1728 PRINT "HYDROPHONE DEPTH (FEET) AND ANGLE (BEG.)"
1738 IMAGE 12Xo4(DDDD4X),PWR AVG. DD AVG."
1748 PRINT USING 1738;D2(1),D2(2),D2(3),D2(4)
1758 IMAGE 13Xp6(DD.D,4X)
1768 PRINT USING 1758;Angle*(),AngleC2),Angle(3)pAngle(4),AvglAvg2
1778 PRINT "FREQUENCY"
1788 PRINT
1798 FOR F-I TO 18
10 IMAGE DDDDDD.D,3Xo6(SDD.Dt3X)
1818 PRINT USING 18S9;Fre(F),Db(1,F),Db(2,F),Db(3.F),Db(4,F);Asum(F);Dbsum(F)
1828 NEXT F
1030 FOR FIl TO Fmax
1848 IMAGE 2XDDDDDD,3X,6(SDD.D,3X)
1850 PRINT USING 1840;Fre(F) Db(1,F),Db(2,F),Db(3, F),Db(4, F);Asum(F);Dbsum(F)
1860 NEXT F
187 IF Hci THEN PRINT PAGE
1898 PRINTER IS 16
1090 Yn=9
19 D EEP
1910 INPUT MANT PLOT? (t&YES)",Yn
1928 IF Yn<>l THEN GOTO LastItne
1930 Pit: f GENERAL DATA AND CURVE PLOTTING, CARTESIAN COORDINATES
1946 I GRAPH SETUP DATA
19S Yeine-SO
19" YmaxelO
1970 Kaint 15
190 Xanxw41
190 N vesuO



2096 NhorzI49 I
291S Xlabe!$I"FREQUEHCY BAND, Hzo
2020 Ylabel-S-ANOHRLY, dW
2838 XspIRBS(Xmax-Xmin)/Nhorz
2048 YspIABS(Ymax-Ymin)/Nvert
2050 YgapuABS(Ymax-Ymin)e.865
2060 Plotgraph: I GENERAL GRAPH SETUP ea• * •••••••••
2S70 PRINT PAGE I
2888 PLOTTER IS *GRAPHICS"

2098 GRAPHICS
2100 FRAME
2110 SETGU
2128 LOCATE 12,118,16,93 ! Defines graph area within 10 X 123 framse
2138 SETUU
2140 SCALE Xmin,Xmax,Ymin,Ymax
215S LINE TYPE 3

2168 GRID 19,5,1,-38
2178 LINE TYPE 1
2180 AXES 1,5,Xmin,Ymin I
2198 AXES 1,5,Xmax,Ymax
2280 LABELGRRPH• aee e ee.* *.. .e .C 4. 4E#
2210 DEG
2228 LDIR 98
2239 LORG 8
2248 CSIZE 2.4
2256 FOR 1l1 TO 41 ! Label x-axis numbers I
2269 HOYE IYmin-Ygap .

2278 LABEL Fre(I)
2288 NEXT I
2290 LDIR 0
2388 LORG S
2316 FOR JIYmin TO Ymx STEP Ysp I Label y-axis numbers
2320 HOVE Xmin,J
2330 LABEL J
2340 NEXT J
2356 SETGU
2368 CSIZE 3.3
2376 MOVE 65,2
230 LORG 5
2398 LABEL Xlabel$ I Label x-xis title
240 HOVE 3,56 I
2410 DEG
2420 LDIR 96
2430 LORG 4 I
2440 LABEL Ylabel* I Label V-axis title
2456 LORG I
2460 LDIR S
2476 HOVE 116,1
2480 CSIZE 2.4
2490 LABEL OLLOYD"
2506 SETUU
2510 UNCLIP
2526 Plotdata: I PLOTS DATA FROM UP TO 6 FILES USING 6 DIFFERENT SYMBOLS
2536 P$(1)e8+s
2546 P$Q2).. 3
2550 PSC()o0X"
hMS P(41.O
.25,0 PsC,).S.I
2500 PS<S)Soft"
25"6 FOR 11 TO Nhyd

260 SITUU
2610 LORG S
J2 COZZI 2o42635 FOR Jet TO Fmax 16

UE4 X(J)oJ



I 266S IF Y(J)>Yax THEN Y(J)=Yoax
2676 IF Y(J)(Yein THEN Y(J)uYmin
2666 IF X(J)>Xmox THEN XIJ)aXmax
2696 IF X(J)<Xmin THEN X(J)aXmin
2766 MOVE X(J),YCJ)
2710 LABEL P$I)

I 2720 NEXT J
2736 SETGU
2740 MOVE 46.10*1,98
2756 LABEL P$(I)
2760 MOVE 49+19.1,95
2776 LABEL D2(I)
2786 NEXT I
2790 Finish: 1
2880 WAIT 400
2816 DEEP
2826 Copy=S

I 2836 INPUT "MANT HARDCOPY? (1-YES)",Copy
2846 IF Copyal THEN DUMP GRAPHICS
2856 Plotdonewl
2869 PRINT PAGE
2676 Lastline: I
2886 END
28968

i 2966 DEF FNDirectCThetALambdaHyd)
2916 1 HYDROPHONE VERTICAL DIRECTIVITY FUNCTION
2926 ArgA3S (P1*Hyd*SIN(Theta)eLaabda)
2936 irectul

I ~2946 IF Arg)6 THEN DrectSIN(Arg)eArg
2956 RETURN Direct
2966 FNENDI 2970 END
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Note: An extensive survey of the literature on surface scattering as it may

apply to ship acoustical trials was conducted by Applied Hydro-Acoustics

Research, Inc. under contract to DTNSRDC in 1974. The survey was published in

Ia final report No. TR 116. This survey included 72 reports and various

related literature on the subject. This report includes some of the findings

*of that survey.
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